FLUX-GUIDED MA6NET0RESISTIVE HEAD USING A PERPENDICULAR 

RECORDING MEDIA 



FIELD OF THE INVENTION 
The present invention relates generally to a 
magnetoresistive head for a disk or tape drive storage system 
and, more particularly, to a flux-guided magnetoresistive head 
10 having a configuration that enables perpendicular reading from 
a magnetic media and that provides a means for magnetically 
differentiating a readback signal without subjecting the 
system to signal to noise losses caused by electronic 
differentiation. 

15 

BACKGROUND OF THE INVENTION 
Typically, a disk drive system includes a stack of 
magnetic data storage disks having concentric tracks capable 
of storing data. A number of read/write transducers or heads, 
20 located on actuator arms, are used to communicate with each 
magnetic data storage disk. The magnetic disks are spun at a 
high rotational speed causing the transducers to float above 
the disks on a small cushion of air. 

Digital data is written on a disk in the form of magnetic 
25 polarity transitions which are induced on the surface of the 
magnetic disk by a head. The magnetic polarity transitions 
are written on the magnetic disk by generating a magnetic flux 
in the head. The magnetic flux induces a magnetic pattern 
onto the surface of the disk as the disk spins below the head. 



In addition to writing data, the head can also be used to 
read data that has been written on the disk. Reading is 
performed by sensing a variable magnetic field created by the 
magnetic pattern on the disk surface as the disk spins. The 
5 variable magnetic field is converted to an analog electrical 
signal that is indicative of the data stored on the disk. 
This analog electrical signal is commonly called an analog 
read signal and normally includes a number of readback pulses 
that each correspond to a single magnetic transition. 

10 As described above, heads are used to write data to and 

read data from a magnetic media. Some heads, such as a 
conventional inductive-type head, are capable of performing 
both functions using a single read/write element. Other 
heads, known as dual element heads, use separate read and 

15 write elements. 

Dual element heads are preferable to single element heads 
because they allow each element to be separately optimized to 
perform its respective function. For example, a dual element 
head can utilize a magnetoresi stive (MR) read element to 

20 perform the reading function. The MR elements are thin strips 
of magnetoresistive material that have an electrical 
resistance characteristic that changes with an applied 
magnetic field. MR elements are more sensitive to small 
magnetic fields than conventional inductive elements, and 

25 therefore, MR elements are preferred over inductive elements 
for reading data at high disk recording densities. 
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In the conventional head configuration, shown in Fig. 1, 
the head 500 includes an MR element 510 as a read element and 
an inductive write head 530 as a write element. The MR head 
500 further includes write coils 535 and shield elements 540. 
The MR element 510 of MR head 500 is positioned proximate to 
the surface of rotating magnetic media 520 and is capable of 
sensing the variable magnetic polarity transitions 525 stored 
on the magnetic media 520. In addition, MR element 510 is 
positioned as close to the magnetic media 520 as possible 
because the amplitude of the readback signal generally 
increases the closer the MR element 510 is to the media 520. 

While dual MR element heads provide certain advantages 
over inductive heads, the MR head configuration, shown in Fig. 
1, is prone to several problems including the problems of 
thermal asperities, electrostatic discharge and material 
corrosion. These problems occur, in part, because the MR 
element 510 is positioned proximate to the magnetic media 520 
(in many cases less than a few microinches away) as will be 
understood by the description of the problems below. 

The problem of thermal asperities is well-known in the 
art. More specifically, the problem is caused by collisions 
between the head and foreign particles or other aberrations on 
the surface of the disk. These foreign particles and 
aberrations are know as asperities. Collisions between the 
head and the asperities cause the head to heat up. The 
increase in temperature resulting from the collisions between 



the asperities and the head causes an increased resistance in 
the head. Thus, the resulting readback voltage appears to be 
greater than the voltage that should be present based upon the 
data stored on the disk. Often, this additive signal exceeds 
the amplitude of the readback signal. The additive signal 
resulting from the increase in temperature of the MR element 
is known as a thermal asperity. 

Thermal asperities can cause unwanted increases in bit 
error rates. In some cases, the increases in bit error rates 
are so dramatic that severe data losses can result. 

In addition, the configuration shown in Fig. 1 is 
susceptible to the problem of electrostatic discharge due to 
the generation of an electrostatic potential directly between 
the MR element 510 and magnetic dick 520. When the potential 
is discharged, the MR head 500 or the MR element 510 may be 
damaged or destroyed. 

Also, the configuration of Fig. 1 may also suffer from 
the problem of material corrosion. In this configuration, the 
MR element 510 is directly exposed to chemicals present in the 
disk drive and chemicals used in the manufacturing processes. 
These chemicals can corrode the materials used to fabricate 
the MR element 510. This corrosion may cause damage to the MR 
element 510 and may result in an inability to retrieve data 
stored on magnetic -disk 520. 

In an effort to overcome the aforementioned problems, 
some manufacturers have decided to use yoked MR head 




structures (see Figs. 2 and 3). In yoked structures^ the MR 
element is displaced at a distance from the disk surface, 
embedded in the yoke, and encapsulated in an insulator. A 
portion of the yoke is placed proximate to the disk surface to 
5 effectively "carry" the magnetic flux emanating from the disk 
to the MR element that is imJaedded in the yoke. Thus, 
although the MR element is displaced from the disk surface, 
the function of the yoke "virtually" places the MR element at 
the disk surface. 

10 Accordingly, the configurations shown in Fig^. 2 and 3 

solve the aforementioned problems. Specifically, with regard 
to the problem of thermal asperities, the yoke is positioned 
such that the MR element is recessed and not positioned 
proximate to the disk surface. As such, the heat that is 

15 generated during a collision with an asperity is effectively 
dissipated in the yoke such that the MR element does not 
experience the affects of the thermal asperity. With regard 
to the problem of electrostatic discharge, the MR element is 
recessed from the disk surface; therefore, an electrostatic 

20 potential cannot be generated between the MR element and the 
disk svirface. As such, the risk of discharge is not present. 
Finally, with regard to the problem of element material 
corrosion, since the MR element is sealed in an insulator and 
positioned away from the disk surface, the MR element is not 

25 in contact with chemicals used in the manufacturing process or 
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contaminants found in the disk drive. As such, corrosion of 
the MR element is inhibited. 

More specifically, in Fig. 2, a conventional 
magnetoresistive (MR) head 10 using a yoked geometry is 
illustrated. The head 10 is used to read information from and 
write information to a disk 12. Information is written on the 
disk 12 in the form of longitudinally-recorded magnetic 
transition data 14. In the conventional geometry shown in 
Fig. 2, the head 10 includes an MR element 20, a yoke 22, a 
coil element 24 and a gap 16. 

During a read operation, ^ gap 16 in the yoke 22 senses 
longitudinally-recorded magnetic transition data 14 on the 
disk 12 as the disk 12 is rotated or moved in the direction of 
arrow A. As the longitudinally-recorded magnetic transition 
data 14 pass the gap 16, the longitudinally-recorded magnetic 
transition data 14 create a magnetic flux flow within the yoke 
22. To sense the flux flow, jtfr MR element 20 is embedded in 
the flux flow path of the yoke 22. The magnetic flux flow 
travels through the MR element 20, and thereby varies the 
resistance of the MR element 20 creating an analog read 
signal. 

During a write operation, a magnetic flux flow is 
generated in the yoke 22 by energizing coil element 24. When 
the coil element 24 is energized, a magnetic field is created 
at the gap 16 which magnetizes the surface of the disk 12 
creating longitudinally-recorded magnetic transition data 14. 



In Fig. 3, another conventional yoked-head geometry 80 is 
shown. The head 80 is used only to read information from a 
disk 86 (i.e., is a read-only head). Information is written 
on the disk 86 in the form of longitudinally-recorded magnetic 
transition data 84. The head 80 includes an MR element 82, a 
flux yoke 88, a gap 87 and a first pole piece 85. As shown in 
Fig. 3, the MR element 82 is incorporated into the flux yoke 
88. 

In disk drive or tape drive applications, the magnetic 
media or disk 86 is rotated or moved in the direction of arrow 
A». Like the configuration in Fig. 2, this movement causes 
longitudinally-recorded magnetic transition data 84 to pass 
gap 87 and create a magnetic flux flow within the yoke 88. 
The magnetic flux flow travels through the yoke 88 to the MR 
element 82 and varies the resistance of the MR element 82 to 
create an analog read signal. 

As mentioned previously, the configurations shown in 
Figs. 2 and 3 have advantages over conventional non-yoked head 
configurations. For example, recessing the MR element 82 from 
the surface of disk 86 eliminates the problems of thermal 
asperities, electrostatic discharge and element material 
corrosion. The head configurations shown in Figs. 2 and 3, 
however, suffer from a different problem. More specifically, 
the readback signal generated by the conventional yoked-head 
configurations illustrated in Figs. 2 and 3 during detection 




or reading of data is a non-ideal pulse signal, as shown in 
Fig. 4. 

In contrast, in most magnetic recording systems, the 
readback signal generated during a read operation has an ideal 
5 pulse shape known as a Lorentzian shape, as shown in Fig. 5. 
This shape is ideal because it resembles a pulse signal best 
suited for detection by state of the art detectors. Once 
delivered to a detector, the Lorentzian- type pulses are read 
and converted to digital data. 

10 When non-ideal pulse signals are read by conventional 

yoked MR heads, electronic signal processing technicjues must 
be used to convert the pulse signals into Lorentzian-shaped 
pulses when partial response like channels are used. For 
example, the signal shown in Fig. 4 can be converted to a 

15 Lorentzian shape by differentiation. The problem with using 
electronic signal processing techniques is that the signal 
noise is increased. Also since additional hardware is 
required to implement the electronic signal processing, such 
hardware occupies valuable space within the disk drive unit. 

20 Therefore, a need exists for developing a head 

configuration which possesses the benefits associated with a 
yoked configuration but also provides a readback signal having 
substantially Lorentzian-pulse shape without using electronic 
signal processing. The present invention is designed to 

25 overcome the aforementioned problems and meet the 
aforementioned, and other, needs. 
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SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a 
head configuration which possesses the benefits associated 
with a yoked configuration, wherein the head configuration 
5 provides a readback signal having a substantially Lorentzian- 
pulse shape without using electronic signal processing. 

In accordance with the present invention, a head for use 
in a magnetic recording system which includes a magnetic media 
having perpendicular magnetic polarity transitions is 
10 provided. The head may be used for transferring data between 
^ the magnetic media and an external environment. 

£ The head includes a write element and a yoke. The write 

element may be used for inducing perpendicular magnetic 
^ polarity transitions into a surface of the magnetic media 

m 15 during a write operation. The yoke, which is disposed within 

O the write element, includes a read gap for sensing the 

m magnetic polarity transitions. 

3 In one aspect of this embodiment, the head may include a 

magnetoresistive element mounted in a flux flow path of the 
20 yoke. The magnetoresistive element typically produces 
readback pulses having a substantially Lorentzian pulse shape. 

In another embodiment of the present invention, a 
magnetic storage device is provided. The magnetic storage 
device includes a magnetic media and a read element. The 
25 magnetic media includes magnetic polarity transitions that 
have been perpendicularly recorded thereon. The read element 
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is capable of reading the perpendicular magnetic polarity 
transitions. In addition, the read element includes a flux 
guide having a read gap wherein the read gap may be used for 
sensing the perpendicular magnetic polarity transitions and 
for producing a magnetic flxix in the flux guide. Further, the 
read element produces a readback pulse having a substantially 
Lorentzian pulse shape. 

Other objects, features and advantages of the invention 
will be apparent from the following specification taken in 
conjunction with the following drawings. 



Fig. 1 is a diagrammatic representation of a cross- 
sectional view of a conventional head; 

Fig. 2 shows a cross-sectional view of a conventional 
head having a yoke configuration for reading longitudinally- 
recorded transition data; 

Fig. 3 shows a cross-sectional view of another 
conventional head having a yoke configuration for reading 
longitudinally-recorded transition data; 

Fig. 4 shows a graph of a readback pulse generated by the 
conventional heads of Figs. 1 and 2; 



Fig. 5 shows a graph of an ideal readback pulse which has 
a Lorentzian shape; 

Fig. 6 shows a cross-sectional view of a first embodiment 
of the head of the present invention; 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 7 shows a graph of a Lorentzian-like readback pulse 
generated by the head of the present invention; 

Fig. 8 shows a cross-sectional view of a second 
embodiment of the head of the present invention; 

Fig. 9 shows a cross-sectional view of a third embodiment 
of the head of the present invention; 

Fig. 10 shows a cross-sectional view of a fourth 
embodiment of the head of the present invention; and 

Fig. 11 is a block diagram showing one embodiment of a 
disk drive system of the present invention. 

DETAILED DESCRIPTION 

The present invention provides a head for use in a 
magnetic recording system, such as a disk drive. Referring to 
Fig. 11, a simplified electrical component block diagram of a 
disk drive system 910 is shown. The disk drive system 910 
includes a disk 912; a head 914; and an actuator assembly 916, 
including an actuator arm 918 and a motor 920, such as a voice 
coil motor. The disk drive system 910 also includes a channel 
922, a servo control jmit 926, a controller unit 928 and an 
interface 930. The channel 922 includes a high pass filter 
934 which is described more fully below. 

During operation of the disk drive system 910, the disk 
912 rotates. Data is stored on the disk 912 in substantially 
concentric tracks. Data may be read from or written to the 
disk 912 by moving the head 914 to the desired track and 
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performing the desired Gommunication operation^ i.e., a read 
or write operation. In one embodiment described below, the 
disk 912 is a magnetic disk and the head 914 includes a 
magnetoresistive element that is capable of reading from the 
magnetic disk. 

The actuator assembly 916, including the actuator arm 918 
and the motor 920, receives servo control information from the 
servo control unit 926 to cause the motor to move the actuator 
arm 918 and, consequently, the head 914 when repositioning of 
the head 914 is required. In this regard, the head 914 may 
periodically read positioning information from the surface of 
the disk 912 and transmit the positioning information to the 
servo control unit 926 via the channel 922. The servo control 
unit 926 compares the present position of the head 914 to a 
desired position, with movement of the actuator arm 918 as 
required for proper track alignment. 

The channel 922, receives a number of inputs for 
processing so that data may be manipulated by other devices 
internal and external, such as a host computer 932 
interconnected with the interface 930y to the disk drive 
system 910. Among other things, the channel 922 is used to 
receive an analog read signal from the head 914, to filter the 
signal using the high pass filter 934 and to convert the 
analog signal to a digital signal recognized by the host 
computer 932. In addition, the channel 922 facilitates the 
storage of information from the host computer 932 to the disk 



912 by encoding data signals from the host computer 932 and 
creating a write signal, from the encoded data, which is 
transmitted to the head 914 for storage on the disk 912. 

The controller 928 controls the timing and operation of 
the other elements of the disk drive system 910. The 
controller viftit 928 receives input /output requests from the 
host computer 932 via the interface unit 930. Based on input 
to the controller 928, the controller 928 delivers the 

appropriate commands to the servo unit 926 and the channel 

A* 

922. For example, in a read operation, the controller 928 
commands the servo, unit 926 to move the head 914 to the 
desired track on the disk 912 so that the data written on the 
disk 912 may be transferred to the host computer 932. 
Accordingly, the servo ^unit 926 moves the head 914 to the 
desired track using the servo positioning information read 
from the disk 912 by the head 914. In turn, the head 914 
reads the information from the disk 912 and transmits the 
information to the channel 922 which filters and converts the 
information such that it may be interpreted by the host 
computer 932. 

The head, of the present invention, includes a read 
element and a write element. In the present invention, the 
read element is capable reading magnetic polarity transitions 
written on the surface of a magnetic media, such as a magnetic 
disk. In addition, the read head of the present invention is 
capable of producing a readback signal that has a 



substantially Lorentzian-type pulse shape without the use of 

electronic signal processing. The write element is capable of 

writing magnetic polarity transitions on the surface of a 

magnetic media using vertical/perpendicular recording 

techniques rather than longitudinal recording techniques. 

In conceiving the present invention^ it was recognized 

that a non- ideal readback pulse was generated by conventional 

yoked MR heads because the magnetic transition data 

(referenced by numeral 14 in Fig. 2 and numeral in Fig. 3) 

being read by the MR head (referenced by nxxmeral 10 in Fig. 2 

and 80 in Fig. 3) were longitudinally written on the surface of 
A 

the magnetic media. In contrast, the present invention 
provides a magnetic media having perpendicularly-recorded 
magnetic transition data thereon. 

A perpendicular magnetic recording media typically 
consists of the combination of a magnetic underlayer and a 
recording media that is fabricated such that the orientation 
of the magnetic easy axis is perpendicular to the disk 
surface. Therefore, when a magnetic flux is produced along 
the orientation of the magnetic axis, perpendicular data 
transitions are written into the disk media. The combination 
of a perpendicular magnetic recording media and a flux-guided 
(yoked) MR head provides the advantages of producing a 
readback pulse signal that has a substantially Lorentzian-type 
pulse shape without the problems of thermal asperities, 
electrostatic discharge and element material corrosion. As a 
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further advantage^ the present invention does not suffer from 
the performance degradation associated with having to 
electronically process the readback pulse signal into a 
Lorentzian-type pulse. 
5 In one embodiment, as shown in Fig. 6, a flux-guided 

(yoked) head 40 is used to read information from and write 
information to a magnetic storage media 42. The information 
is written on the magnetic storage media 42 in the form of 
perpendicularly-recorded magnetic transition data 44. The 

10 flux-guided head 40 includes a read flux guide 56 preferably 
integral with and positioned within a write flux guide 51. 

The write flux guide^ includes a lower pole piece 53 
positioned on a wafer surface 50. A leading flux conducting 
column 55 and a trailing flux conducting column 57 are 

15 interconnected to the lower pole piece 53 and separated by a 
surrounding insulator structure 64 to form a U-shaped 
structure. Write coils 49 and 46, respectively, surround 
leading and trailing flux conducting columns 55 and 57. In 
addition, the leading flux G onducin g column 55 terminates at 

20 a first pole piece 58, and the trailing flux conducting coliamn 

57 terminates at a third pole piece 60. 

It should be noted that the first and third pole pieces 

58 and 60, preferably, are substantially parallel with 
magnetic storage media 42. However, the present invention is 

25 not to be limited by the orientation of such surfaces with 
respect to the media 42. It should also be noted that the 
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first and third pole pieces 58 and 60 also, respectively, 
function as first and second write poles. Further, the first 
pole piece 58 includes a leading edge portion 70 and the third 
pole piece 60 i ncudes trailing edge portion 72. 

The read flux guide 56 includes leading flux conducting 
column 55 and an inner flux conducting column 54 which is 
located between the leading flux conducting colximn 55 and the 
trailing flux conducting column 57. It should be appreciated 
that the leading flux conducting column 55 is shared between 
the write flux guide 51 and the read flux guide 56 in the 
present embodiment. The inner flux conducting column 54 is 
separated from the trailing flux conducting colximn 57 by the 
surrounding insulator structure 64, and the inner flux 
conducting column 54 is separated from the leading flux 
conducting column 55 by insulate material 66 and read gap 52. 
Additionally, the read gap 52 is defined by a first read pole 
74 that is part of the leading flux conducting column 55 and 
a second read pole 76 that is part of the inner flux 
conducting colvimn 54. An MR element 48 is used to connect the 
leading flux conducting column 55 with the inner flux 
conducting column 54. As noted above, the leading flux 
conducting column 55 terminates at the first pole piece 58. 
Similarly, the inner flux conducting column 54 terminates at 
a second pole piece 68, and in the preferred configuration, 
the second pole piece 68 is substantially parallel with the 
first and third pole pieces 58 and 60 and the magnetic storage 
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media 42. Again, the invention is not to be limited by the 
preferred configuration. 

The flux guided head 40, shown in Fig. 6, can be used in 
a magnetic recording system, such as a disk drive system (910 
in Fig. 11) , and can be used for writing data to and reading 
data from the magnetic storage media 42. In a preferred 
embodiment, the flux-guided head 40 is used in a disk drive 
system (910 in Fig. 11) having a magnetic media 42 or that 
includes a magnetic disk (912 in Fig. 11) having a plurality 
of concentric data tracks (not shown) . The flux-guided head 
40 is guided by an actuator arm (918 in Fig. 11) that is 
movably attached to a voice coil motor in Fig. 11) . As 

such, the voice coil motor in Fig. 11) may be activated 

by a host computer (932 in Fig. 11) to move the actuator arm 
(918 in Fig. 11) and head 40 over the sxirface of the media 42. 
Typically, the magnetic media 42 is spun at high velocities 
in the direction of arrow B, such that the head 40, which has 
first, second and third pole pieces 58, 68 and 60 facing the 
media 42, floats above the media 42 on a small cushion of air 
or is in virtual low level contact with the media 42 around 
the area of the first, second and third pole pieces 58, 68 and 
60. The data written to and read from the media 42 by the 
head 40 may be transferred to and from an external 
environment, such as a host computer (932 in Fig. 11) . The 
head 40, of this embodiment of the present invention, is a 
dual element head having both a write element encompassing 
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write flxix guide 51 and a read element encompassing read flux 
guide 54. 

As a magnetic flux flows through the MR element 48, the 
resistance of the MR element 48 changes, thus creating an 
analog signal that is proportional to the magnetic flux. In 
this embodiment, the analog signal sensed by the MR element 48 
is proportional to the magnetic flux that is sensed by the 
read gap 52 and flows through read flux guide 56. 

In this embodiment, the read flux guide 56 is physically 
smaller and positioned within the write flux guide 51. In 
addition, a portion of the leading flux conducting column 55 
is shared between the read flux guide 56 and the write flux 
guide 51. However, based on the physical configuration of the 
flux-guided head 40, the shared portion of the leading flux 
conducting colximn 55 is relatively small. Therefore, very 
little magnetic flux that is generated in the read flux guide 
56 dxiring a read operation will enter the write flux guide 51, 
simply based on the physical geometry* In another embodiment, 
not shown, a non-magnetic spacer may be placed through the 
leading flux conducting column 55 (e.g., essentially splitting 
it) in order to prevent magnetic flux from entering the write 
flux guide 51 during a read operation. 

The flux-guided head 40 is fabricated at the wafer level 
using planar fabrication techniques. Using planar fabrication 
techniques, the air bearing surfaces (in part, the first, 
second and third pole pieces 58, 68 and 60) can be defined 
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during the fabrication process since these surfaces are the 
top layer deposited on the silicon wafer. Additionally, the 
read gap 52 and the air bearing surfaces (in part, the first, 
second and third pole pieces 58, 68 and 60) can be defined in 
the same masking step during fabrication and, thus, result in 
near perfect alignment of the read gap 52 and the first, 
second and third pole pieces 58, 68 and 60. In this regard, 
planar fabrication techniques provide an advantage over other 
techniques because the air bearing surfaces can be defined 
during fabrication of the head, and lapping or polishing of 
the surface is not required to form the air bearing surfaces. 

In one aspect of this embodiment, the first, second and 
third pole pieces 58, 68 and 60 are substantially parallel. 
In addition, it should be noted that the read gap 52 defines 
a plane which is substantially parallel to the first, second 
and third pole pieces 58, 68 and 60. The read gap 52, of this 
eiabodiment, is approximately 0.1 - 0.2 fim in length. It 
should be appreciated, however, that the invention is not to 
be limited by the dimensions of read gap 52 and will be scaled 
down with increasing recording densities. The cross-section 
of the first pole piece 58 (first write pole) is typically 70% 
to 100% of the track pitch of the drive design. The third 
pole piece 60 (second write pole) can be of any size. 
However, the cross-sectional area at the third pole piece 60 
(second write pole) is typically 10 to 100 times larger than 
the cross-sectional area of the first pole piece 58 (first 
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write pole) . In this design, the leading edge portion 70 of 
the first pole piece 58 is separated from the read gap 52 by 
approximately 2 to 3//m. 

When viewing the first, second and third pole pieces 58, 
5 68 and 60 from the surface of the magnetic media 42, 

A 

preferably the first pole piece 58 has a constant width from 

s 

the leading edge portion 70 to the read gap 52. In an 
alternative embodiment, the first pole piece 58 is tapered* 
In such an embodiment, the first pole piece 58 has a first 

10 width at the leading edge portion 70 and a second width at the 
read gap 52, wherein the first width is larger than the second 
width, typically, by about 20%. It is also possible to 
produce a read width narrower than the write width by making 
second pole piece 68 narrower than first pole piece 58, 

15 without a taper. 

During a write operation, write coils 49 and 46 are 
energized to produce a magnetic flux with write flux guide 51. 
Magnetic flux lines flow from the first pole piece 58 (first 
write pole) to the third pole piece 60 (second write pole) , or 

20 vise versa, depending on the direction of cxirrent flow through 
the write coils 46 and 49. The magnetic flux lines are used 
to induce or write perpendicularly-recorded magnetic 
transition data 44 onto the surface of the magnetic media 42. 
The head 40 configuration, as shown in Fig. 6, produces 

25 magnetic flux lines that emanate nearly perpendicular to the 
surface of the magnetic storage media 42 from the first and 
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third pole pieces 58 and 60 (first and second write poles, 
respectively) . As such, when the first and third pole pieces 
58 and 60 are held closely to the magnetic storage media 42, 
the magnetic flux lines pass nearly perpendicularly through 
5 the magnetic media 42, as well. Therefore, the 

perpendicularly-recorded magnetic transition data 44 produced 
on the surface of the magnetic media 42 are aligned in a 
vertical or perpendicular orientation when compared to the 
first and third pole pieces 58 and 60, and the surface of the 

10 magnetic media 42. 

Dxiring a read operation, the read gap 52 is held closely 
to the magnetic media 42 and, preferably, on a small cushion 
of air provided, in part, by the first, second and third pole 
pieces 58, 68 and 60 as the magnetic media 42 moves. The read 

15 gap 52 is held in such a manner that the surface of the 
magnetic media 42 is in a substantially parallel relationship 
to the first, second and third pole pieces 58, 68 and 60, as 
the magnetic media 42 is moved in the direction of arrow B 
past the read gap 52. In this embodiment, it should be noted 

20 that the magnetic media 42, as characterized in Fig. 6, moves 
longitudinally past the read gap 52 and first, second and 
third pole pieces 58, 68 and 60. In an alternative 
embodiment, the head >2 can be in virtual low level contact 
with the media 42 around the area of the first, second and 

25 third pole pieces 58, 68 and 60. In this embodiment, a 

K 

lubricant may be placed on the surface of the media 42 such 
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that the head 40 makes contact with the lubricant rather than 
directly with the surface of the media 42. 

As the perpendicularly-recorded magnetic transition data 
44 longitudinally advance past the read gap 52, a magnetic 



5 flux is induced/ generated in the read flux guide The flux 

is then delivered to and sensed by the MR element 48. As 
mentioned above, the resistance of the magnetoresistive 
element 48 changes in response to a magnetic flux, and the 
magnetoresistive element 48 produces an analog signal 

10 (readback signal) proportional to the magnetic flux. Thus, as 
the perpendicularly-recorded magnetic transition data 44 
generate a magnetic flux flow within the read flux guide 54, 
an analog signal is produced by the MR element 48 that is 
proportional to the perpendicularly-recorded magnetic 

15 transition data 44. The analog read signal has a 
substantially Lorentzian pulse shape, as shown in Fig. 7. 

The readback signal shown in Fig. 7 has a pulse shape 
with a peak near the zero head position. The pulse shape of 
the readback signal of Fig. 7 is comparable to the Lorentzian 

20 pulse shown in Fig. 5. It should be noted that a Lorentzian 
pulse shape is preferred because it is more easily detected by 
conventional detectors. A Lorentzian pulse shape is similar 
in shape to a class of target pulses that are desired by most 
conventional magnetic recording channels (922 in Fig. 11) . 

25 This class of target pulses is called a class-4 partial 
response target pulse (PR4) . Typically, PR4 detectors and 
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peak detector circuits are specifically designed to detect 
Lorentzian-type target pulses. Although some detectors are 
able to respond to some variations of these target pulses, 
these variations are more similar to a Lorentzian pulse shape 
5 than to the step function shape shown in Fig. 4. Therefore, 
the Lorentzian pulse shape is more desirable than the step 
function shape because most conventional industry pulse 
detectors are specifically designed to detect Lorentzian pulse 
shapes . 

10 The difference between the pulse shape of the readback 

signal of Fig. 7 and the Lorentzian pulse shape of Fig. 5 is 
that the pulse shape in Fig. 7 has higher amplitude values on 
either side of the peak. These higher amplitude values are 
shown in Fig. 7 where the readback signal at about 0.5 //m head 

15 position is well above 0 volts whereas in Fig. 5 the 0.5 fm 
head position has a voltage level of 0 volts. These higher 
amplitude values are known as tails to the peak. These tails 
or the higher amplitude values around the peak of Fig. 7 can 
be removed by a standard high pass filter (934 in Fig. 11) 

20 without significantly affecting channel performance. 

Thus, the pulse shape of the readback signal, as shown in 
Fig. 7, generated by the flux-guided head 40 of the present 
invention, can be passed through a high pass filter (934 in 
Fig. 11) to generate an almost ideal Lorentzian pulse shape, 

25 as shown in Fig. 5. In contrast, the pulse shape of the 
readback signal of conventional systems, as shown in Fig. 4, 
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require electronic differentiation using electronic signal 
processing to produce the Lorentzian pulse shape of Fig. 5, 
This differentiation typically induces a high noise level in 
the signal. In addition, since the differentiation requires 
additional circuitry, such circuity occupies valuable space in 
the disk drive unit. 

The present invention produces a substantially Lorentzian 
pulse without the use of electronic signal processing. By 
passing the readback signal of the present invention through 
a standard high pass filter (934 in Fig. 11) , the signal 
produced would J^er nearly perfect Lorentzian pulse shape. In 
addition, a high pass filter (934 in Fig. 11) is, typically, 
included in most conventional channels (922 in Fig. 11) . 
Therefore, added circuitry is not required in the disk drive 
system (910 in Fig. 11) , and the use of a high pass filter 
(934 in Fig. 11) induces very little noise into the readback 
signal. 

It should be noted, however, that the substantially 
Lorentzian pulse shape shown in Fig. 7 may be detected by most 
conventional detectors without the use of any filtering. The 
use of such a pulse shape without a high pass filter will 
depend on the requirements of the system, as will be noted by 
those skilled in the art. 

In another embodiment, as shown in Fig. 10, a flux-guided 
read head 310 can be formed separately from a write element 
(not shown) . As previously mentioned with regard to Fig. 6, 
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the flux-guided read head 310 can be used to read 
perpendicularly-recorded magnetic transition data 302 (that 
has been written on magnetic storage media 300) as the 
magnetic storage media 300 rotates or is moved in the 
direction of arrow C*. The flux-guided read head 310 includes 
read flux guide 308 that is separated by a read gap 314- In 
addition, an MR element 312 is embedded in the read flux guide 
308. It should be appreciated by those skilled in the art 
that the flux-guided read head 310 and the read flux guide 308 
operate and are fabricated similar to the flux-guided head 40 
and the read flux guide 56 as explained with reference to Fig. 
6. 

In yet another embodiment, as shown in Fig. 8, a flux- 
guided head 100 is used to read and write information on 
magnetic storage media 90 which is typicall y rotated or moved 
in the direction of arrow B*. The information on the magnetic 
storage media 90 is in the form of perpendicularly-recorded 
magnetic transition data 92. To read and write the 
perpendicularly-recorded magnetic transition data 92, the 
flux-guided head 100 includes a write flvix guide 91 and a read 
flux guide 93. 

The write flux guide 91 is comprised of leading flux 
conducting column 108 and trailing flux conducting structure 
94 which terminate at first pole piece 106 and third pole 
piece 96, respectively. Further, the first and third pole 
pieces 106 and 96 also function as first and second write 
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poles, respectively. The leading flux conducting column 108 
and the trailing flux conducting structure 94 may composed of 
any material suitable for perpendicular recording, e.g., 
ferrite. The first and third pole pieces 106 and 96 are 
5 essentially parallel to each other and the magnetic media 90, 
and in this embodiment, the cross-sectional area of the 
leading flux conducting column 108 is 10 to 100 times larger 
than the cross-sectional area of the trailing flux conducting 
structure 94 (measured at the third pole piece 96) . Write 
10 coils 104 are wrapped around the leading flux conducting 
column 108 and are energized during writing of data. 
^ The read flux guide 93 includes trailing flux conducting 

'f! structure 94 and an inner flux conducting column 95 which 

terminates at a second pole piece 101. The inner flux 
15 conducting column 95 is physically positioned between the 
O leading flux conducting column 108 and the trailing flux 

ry conducting structure 94. A read gap 110 separates the 

@ trailing flux conducting structure 94 from the inner flux 

conducting coluinn 95 and the second pole piece 101 from the 
2 0 third pole piece 96. An MR element 98 is imbedded in the read 
flux guide 93. 

In order to optimize the reader and writer and to prevent 
signal migration from the read flux guide 93 into write flux 
guide 91 or vi s e versa, a non-magnetic spacer 102 may be 
25 provided inside the write flux guide 91 to separate the write 
flux guide 91 from the read flux guide 93. Signal migration 
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is of primary concern with the embodiment shown in Fig. 8 
because the portion of the trailing flux conducting oeittaam 94 
that is shared between the read flux guide 93 and the write 
flux guide 91 is relatively large. Therefore in this 
5 geometry, the magnetic flux that is generated in the read flux 
guide 93 during a read operation has a higher tendency to 
enter the write flux guide 91. The non-magnetic spacer 102 
can be any insulative material having any thickness but is, 
typically, 1 to 3 times the thickness of the read gap 110. In 
10 this embodiment, the read gap 110 can range from 0.1 to 0.2 fum 
in length. 

In operation, when the write coils 104 are energized 
using a sufficiently high cxirrent, a magnetic flux is produced 
that can penetrate and pass through the non-magnetic spacer 

non- 
15 102. Therefore, the magnetic spacer 102 does not prevent 

operation of the write flux guide 91. 

Further, the non-magnetic spacer 102 ensures that a 

majority of the magnetic flux that flows through the read flux 

guide 93 during a read operation is delivered to the MR 
20 element 98. Additionally, if optimization is undesired and 

signal migration is not a problem, the non-magnetic spacer 102 

may be eliminated. 

In Fig. 8, the flux guided head 100 is typically 

fabricated at the wafer level using conventional, non-planar 
25 techniques. These conventional techniques require polishing 

and lapping of the air bearing surfaces (in part, the first. 
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second and third pole pieces 106, 101 and 96) because these 
surfaces are not defined in the fabrication process. 

It should be understood by those skilled in the art that 
the operation of flux-guided head 100 in Fig. 8 is similar to 
the flux-guided head 40 in Fig. 6. Therefore, the operation 
of the write flux guide 51 and the read flux guide 56 as 
explained with reference to Fig. 6 are similar to the 
operation of write flux guide 91 and read flux guide 93 
illustrated in Fig. JS. 

Another embodiment of the present invention is shown in 
Fig. 9. In this embodiment, a flux-guided read head 210 can 
be formed separately from a write element (not shown) . As 
previously mentioned with regard to Fig. 8, the flux-guided 
read head 210 can be used to read perpendicularly-recorded 
magnetic transition data 202 (that has been written on 
magnetic storage media 200) as the magnetic storage media 200 
rotates or is moved in the direction of arrow C. The flux- 
guided read head 210 includes read flux guide 208 having 
leading flux conducting column 230 and a trailing flux 
conducting structure 232 that are separated by a read gap 214. 
In addition, an MR element 212 is embedded in the leading flux 
conducting colvimn 230. It should be appreciated by those 
skilled in the art that the flux-guided read head 210 and the 
read flux guide 208 operate and are fabricated similar to the 
flux-guided head 100 and the read flux guide 93 as explained 
with reference to Fig. 8. 
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The foregoing discussion of the invention has been 
presented for purposes of illustration and description. 
Further, the description is not intended to limit the 
invention to the form disclosed herein. For example, although 
the present invention is described in connection with disk 
drives, the present invention may also be used in connection 
with tape drives and the like. Consequently, variations and 
modifications commensurate with the above teachings, within 
the skill and knowledge of the relevant art, are within the 
scope of the present invention. The embodiment^ described 
herein and above is further intended to explain the best mode 
presently known of practicing the invention and to enable 
others skilled in the art to utilize the invention as such, or 
in other embodiments, and with the various modifications 
required by their particular application or uses of the 
invention. It is intended that the appended claims be 
construed to include alternative embodiments to the extent 
permitted by the prior art. 



-29- 



